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Effective Nitrogen Removal in Low C/N Wastewater with Combined Aerobic-

Low DO Biofilm Treatment Process
CHEN Xiu-rong, Al Qi-feng, XU Wen-lu, WU Min-lin
(School of Resource and Environmental Engineering, East China University of Science and Technology,Shanghai 200237 , China)

Abstract: The municipal wastewater in China is characterized by low ratio of carbon to nitrogen, which is the key restrictive factor for
effective biological removal of nitrogen. In this study, the aerobic-low DO biofilm process was used for the nitrogen removal of
municipal wastewater. By means of adjusting inflow ratios of aerobic section to low-DO section, hydraulic retention time ( HRT) and
inflow ratio of carbon to nitrogen (C/N), the performances of nitrification in aerobic biofilm section and denitrification in low-DO
section could be improved, the good performance of nitrogen removal was achieved. In order to insure the good effluent quality,
especially for ammonia nitrogen and total nitrogen indexes, the nitrification and denitrification could be made up in aerobic and low-DO
biofilm section respectively due to the coexistence of aerobic and anoxic zone in biofilm. There were 3 stages for the research process.
In the first stage, the original C/N, inflow ratios of aerobic section to low-DO section were chosen as 3:1 and 1:1 respectively, then
the effects of various HRT (aerobic section + low DO section) values such as(10 +5) h,(8 +4) h,(6 +3) h,(4 +2) h to nitrogen
removal were analyzed. According to the conclusion in the first stage, the original C/N was kept at 3: 1, HRT(aerobic section + low
DO section) was(10 +5) h. Then, the effects of various inflow ratios to nitrogen removal were studied in the second stage. In the third
stage, when HRT (aerobic section + low DO section) was(10 +5) h and inflow ratio was 1: 1, the original C/N were adjusted from
2:1, 3:1, 5:1 to 10: 1. To conclude, the optimal parameters for nitrogen removal in the biofilm system were as follows: original C/N =
5:1, inflow ratio of aerobic to low-DO section =1:1, HRT of aerobic and low-DO sections were 10 h and 5 h respectively. As a result,
COD, ammonia nitrogen and total nitrogen could be removed from 254 mg/L to 48 mg/L, 37.2 mg/L to 9.3 mg/L and 48.2 mg/L to
14. 8 mg/L respectively.
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e [ K 2 MO T V5 K H AT I LA GBSO LB I g T S B I S , 7
B IR TR M T K, B I 06 AN RN A SR BLIE Y £ AR SR AL ) CANON T
BEAE T 00 M SR b A BUBRYE (0 R, AR A e s T R R - DR S A R A T
AR TR AT 10 S 7 A 4 PR ORI S AL bl /e PRI OLAND T 245, O 1 s 4k 5 9 i UL ¢, JF
WA K B B, BB S P BEAT KRS AL ) SHARON T
S T RS R R BT R LR R, ERTI010- 11 18, (B T M <2011 -03-09

HETH K ARRA ST H (51008124) 5 w3 i 7 2k A BHIF

AL AL Jit 7 5B TR A A R AL A 55 e 35 5 2 5 H
ELEE 46 18 7K o5 7 L B3t 9 7 19 IO A 4 7 1 WA B 75 28 (1975 ~ ), 4, B30, 1 0T 505 1 b ¥5 /K Ak 21

SND I% A . mﬁﬁﬁﬁﬁ E ?%H;é/ﬁz(‘ 5‘(& ﬁ% y ﬁ” 35 E;E J % P54k, E-mail ; xrchen@ ecust. edu. cn



10 4 W 75 908 A8« de S -1 4 2 4 S0 U 4k 20 L 5 7K B 2RI 2987

A DR 2 7 A B U G 38 AT B,
AT KT IR A s 8 R T R AE A R A
N FE BB, S B A R RERE L bk &
P, 2 ks s Ve kA, LR, 2 5K A LR ik
AR, St L5 Ve i PR A 2 T Rk B e
(THENE-Y - Su R R = NI ER AN ST K S A E|
FWi R, R I A AN 77 i, FLBEZ SR A HLIK
JE AR S0 B V5 K R T B S0 e 0

AHIF ST HY 1 A 480 41 4 2 0 0 R B R
R 5 R AR A A B AR R B AR 4 X S AR A
DAL A A S L B 4 Tt G 4 Tt £ [0 I A 2%
Bt s PTG B SR A AR R o B D, h AR
MR LA A R, O AR AIE L8t K K T R E ;i 4y
ViS5 T i S B b 78 A WL U, 5 A A 4 B R i AL

REE 5 42 UG S v 1R S JRE R Ak Rk RE L AL K R
BB AE - AT T A, 30 2 0 Je St AR 4 i 08 7K 7
Pt K J 45 B R (CHRT) A1 K COD 5 5
(TN) EeAH (C/N) S8 x5 P S B T 0 AR L LE v
TR IR e 280 S Ak B

1 MRSk

L1 JE/K/K R

NS S NS o O S N N
R S 8% B R %k \EDTA-Na %5 22 B4 it e i, J5
KK LZE 1N 1 Al 40, 3Rk 56 1 F2 o, J5 K COD
G K 100 ~ 500 mg/L, #H % C/N H2:1 ~10:1, 3
by 7K 5 F6 B 1) 42 1) 2 HE B 1R R 5 3k 11 9 2K K T
HEAT.

® 1 BRI KK B AR

Table 1 ~ Water quality indexes

T H KA T H KAl
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1.2 maE 5

TR0 T T AR IS I 4 SR FH A B B R oA Ab
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Fig.1 Schematic diagram of test installation
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Table 2 Substrates removal performances in aerobic-low DO level biofilm with various HRT
COD/mg-1.7" NH," -N/mg-L "' NO, -N/mg-L~" NO; -N/mg-L "' TN/mg-L "'
| . ENC N EKkE . . PSS
MK HK K HK K 7K K HK 7K K
/% /% /%
U4t 10 155 46 70.3 37.6 0.8 97.9 0.6 1.1 1.7 23.5 49.6 37.4 30.2
I &4 5 103 41 60.2 19.9 9.8 50. 8 0.9 1.6 12.6 3.9 42. 4 24.9 41.3
AR 15 155 41 73.5 37.6 9.8 73.9 0.6 1.6 1.7 3.9 49.6 24.9 49.7
IS 8 163 57 65.0 38.5 1.0 97.5 0.5 0.8 1.5 24.7 47.8 35.9 24.9
I &4 113 45 60. 2 20.7  12.7 38.6 0.7 1.8 13.1 4.3 42.6 28.3 33.6
AR 12 163 45 72. 4 38.5 12.7 67.0 0.5 1.8 1.5 4.3 47.8 28.3 40. 8
I 5 6 166 65 60. 8 37.9 1.6 95.8 0.4 1.3 1.6 21. 4 48.5 41.2 15.1
I IR 3 117 55 53.0 20.9 12.5 40.2 0.9 2.5 11.5 5.8 43.2 32.4 25.0
A9 166 55 66.9 37.9 12.5 67.0 0.4 2.5 1.6 5.8 48.5 32.4 33.2
IS 4 150 58 61.3 36.5 1.9 94.9 0.6 1.9 1.8 20. 1 46.9 42.2 10.0
v % 5t 2 110 67 39.1 20. 6 12.1 41.3 1.3 6.8 11.0 7.2 42.5 35.7 16.0
TR 6 150 67 55.3 36.5 12. 1 66. 8 0.6 6.8 1.8 7.2 46.9 35.7 23.9
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Fig.2 Low-DO filter performances at various inflow ratios
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Table 3 Organic nitrogen transformation amount in low-DO biofilm with various inflow ratios

IR SN KR A BUKEH L Sk R 745 B MEMAEHE &L + ﬁﬁ%if*{fﬁﬁm
WA K HLEWRE KiRE R L Jmeeh -] W LB/ R - [A] A S AL 2
/L-h™' /mg-L7' /L-h7' /mgeL7! ° W& /mg-h ! M2 #%/mg-h™!
LF 4 R4 = 1:2 3.2 10.3 6.4 9.0 3.2%10.3 +6.4x9.0=90.6 51.8( %K) 90.6 -51.8 =38.8
LF 4 IR =101 3.2 9.0 3.2 9.7 3.2%9.0+3.2x9.7=59.8 3.8( £ M) 59.8 -3.8=56.0
I 40 IR =201 3.2 10.5 1.6 9.2 3.2%10.5+1.6x4.2=40.3 41.7(HZ) 40.3 +41.7 =82.0

E BT 4t 55 AR Ui K 2 i B 20 03 12 10 ]
AN2: LI, g1 3 e Ja — B s ml g, A 4t 9 & A
+ i A T FE I 2 5 R AL SO A0 AR R AR 2 7 4 il Ay
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Table 4  Substrates removal performances in aerobic-low DO level biofilm with various inflow ratios

B AEKE KK /mge L Bl K /mge L R LR %
P40 AR5 /Leh ™! coD NH, -N TN coD NH, -N TN CcoD NH," -N TN
2:1 4.8 155 37.1 47. 4 38 6.9 32.8 75.3 81.4 30.6
1:1 6.4 155 37.6 49.6 41 9.8 24.9 72. 4 73.9 49.7
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LIRS TR RN SR SO (7 o0 1D o S W R (3 550 1t i
SRR 131, /S5 HRT Jy 15 h(4F4Lits HRT 2 10 0
h iK% it HRT 25 5 h). K% ith DO 2 0.9 ~ 1.1 400
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Fig.3  COD removal performances at various inflow C/N ratios
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C/N 1) 725 A0 AR AL

m1 P& 4RI 70 G A, AR R R i 2 B
MG — EUTFRIE S N AR L BRI R
L JRBEA R K C/N Jhim, 78 HRT 5 0 ~5 h B gk
KB 172 38 )z, BVR 2 B % E 8 RS, 1 /2 HRT
K5 ~10 h BEHIZK Be 172 38 2, SV 25 ol % 8 A8
Fhen. P X 1 Bl B R O HEK C/N i,
283 ik K Bk J2 I I A e IR R COD B i s, oK
BeUg )z M COD A7 fig A7 R A v, W)t 7K B i J2 1 S A
(- S RV T A UL S S IS i N '
COD il 7 A A ok R, A 24 407 A0 R AIG, ) I
il 1 J6 50T 2 A A, B COD 4z B i 21 A i 0 )
B A0 B 0 3 28 T v, ) S 0 3k 2 A A Y A
2.3.2 J5K C/N XA R G820 AE (1 52 1

AR R ZK C/N I B A -1 280 A2 ) T R 48 3
WBRiG Qe siRe s T3 5 . AR 5 W RLE 78 K
C/N B8 n i F2 b, R Ge ik /K COD 19, & Hi K
COD 3 i H L2 A5 T v 1 A i At 7K 2 60 0
BRI B B BRSO A, FUR BRAR IR % 18 0 A /. R
KGR P B R K C/N T B A, B R AR
COD 38 Jinxk di 4 ity 22k 7K B 19 i Ak 3 2 s ple 410 o1, A1
JFK C/N J2:1—10: 1 b B opr ) G 400 H 7K B A
I 480 1) S A o TR B8 KL COD 38 i i 45 31 4 4K ,
25 UM A T 2 Bt 1 I T 2R B A 2 SR AR AL A B
77, BET AR AT 2 — 20 (1 2 EUH A, 5 30a AU KR B
B 7K C/N 38 0 i I

K5 UK C/N R I 4 - S0 26 0 8 it 2R 11 5 T

Table 5 Substrates removal performances in aerobic-low DO level biofilm with various original C/N

JEK  fESIBEE ARBEK R MK/ mg L™ MK/ mg L™ AR LBRF %

C/N K C/N /Leh™! CcoD NH, -N TN COD NH," -N TN CcoD NH," -N TN
2:1 1.9:1 6.4 108 37.2 48. 8 42 15.1 34.4 61.1 59.4 29.5
3:1 2.5:1 6.4 155 37.6 49.6 41 9.8 24.9 72.4 73.9 49.7
5:1 4:1 6.4 254 37.2 48.2 48 9.3 14. 8 81.1 75.0 69.3
10: 1 7.8:1 6.4 502 37.3 50.2 61 7.8 11.6 87.8 79. 1 76.9

J5K C/N 10 T, B A RG4S COD 2 & A
B3 TR bR 2 R R e, K R A SRR
JEAR B AR, 1 COD 9K FE 21 f% 5, 18 61 mg/L. Jii /K
C/N5: 1IN, & 7K COD 3 J& PR A% 4 48 mg/L, &
A R LB C/N O 10 1IN g A7 T, A
COD = R A R 3 A4 br LR R A 2 7K B
FEAR, WA RE I R K C/N DS 1 (IR At 2k K Y
C/N MY T4:1) X — C/N BT RER T K25

AR5 et I 3 T 5 K K T A

3 45

&

(1) [ 52 J K C/N 23 1, i 4t 5 R 4t 2 iR
P11, 76 HRT 15 h 4 %5 %2 6 h i), A R4t
MR LR R 7. 1% 17 SR 2 B R B AL
K 25.9% , AH N COD 2 [ PR AR 18. 2% . 25 & &
A REURN COD 4t 3 10 L PR R 1) AR 4L, A HRT
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4 32 %

15 h B, 4 4 -1 4 A 0 it I 260 23K R 2 e

(2) Ml k7K C/N A3:1, 4f %t HRT 24 10 h
N, 38 AR St 1 SR K &, Y R L R R RN =
B B NE KRR T, R 2, KR
W B AIG. O B G 36 W, 9 K 20 U B D 1 1
A RGBT, K COD & A R AU b 2
Wik 41, 9.8 Fil24.9 mg/L.

(3) [l & 4480t HRT 2 10 h, 448 it 5 4% 480 itk
YL A1 LI 380 R K C/N R 78 43 ~F- i 2 5 1 -
A A I T 48 5 T K TN $i AR B AIG, LA J COD £y
faf $8 0 3 J 7K COD 9 B TF . 3& B 1 K C/N
51 (B B 5 OK 2 UG Bk LG T S K
IKJREEAE ) , LI, AN R G5 H K COD 2 & A i &
WERE 4y A 48 . 9.3 1 14.8 mg/L. UL GB 18918-
2002 X COD F1 ik & i B sE kR &, b &R 48 K il ik
—2f% A B AR HE(COD 50 mg/L % 15 mg/L). B
R H K U AR (R TR AR A LG S KR R, 2
S A Kb BT AE R, 22 HE SO SRR, nR L — D B
fi%.

(4) i LL 1 HRT J5UK 0 Wi b L JR K C/N &
B B 56 5 R, T AN B B w7 A S LG 3T v
KT F , AR FH AT AR 1) B 4 -0 40 A= 49 i vl S AR 4K
i SRR LA LS 80 )oK C/N 51 i Ay,
7 e 0 N o = O 4 = 1 S 7
Wi & 48 HRT 24 15 h (4f %t HRT 24 10 h K4t
HRT % 5 h).
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